On the basis of simple heuristic models, we show that atomic electrons can (1) amplify fields observed at the nucleus, (2) generate harmonics, and (3) drive higher multipolarities. We consider a model with the nucleus at the focus of a uniformly charged ellipsoid. It amplifies an oscillating external electric field and produces an oscillating electricfield gradient but no higher derivatives. The electric field has only odd harmonics and the electric-field gradient has only even harmonics. There is an optimum intensity for driving each harmonic.
II. A SIMPLE LINEAR MODEL
To begin, consider an extremely simple model of the atom as shown in Fig. 1 . The atom consists of a spherical cloud of charge with a fixed nucleus. Evc-ry electron in the cloud sees the same electric field:
wher< : <jj is the laser frequency. The spherical cloud is displaced from the fixed nucleus by a distance _ f f eEpsinwt 2 e J J m raw*
where e and m are the electron's charge and mass. Every electron has the "'quiver energy" and undergoes the "quiver displacement." Now the electric field from a uniformly charged sphere acts as though all its charge were at the center. Furthermore, no field exists inside a uniformly <-harged spherical shell. Therefore, the field at the nucleus owing to the electron displacement is
where p is the ctiorge density (i.e., p = Ze/V -3Ze/47rr^ 
For uranium, the electric field at the nucleus is about 250 times the laser electric field. Therefore, we have verified, in a simple model, the first article of faith!
The manifestly linear response, as illustrated by Eq. (4), produces no harmonics, and the model does not support Article 2.
Equation (3) shows that the derivative of the field, ^J^1 , does not vanish at the nucleus, but this does not mean that a quadrupole field exists as at the nucleus. Relative to the center of the electron cloud, the potential is clearly a monopolar field:
Relative to a displaced center (the position of the nucleus).
e see from Eq. (7b) that the potential at the nucleus is a combination of monopolar and dipolar terms. In particular, all quadrupole and higher multipole terms vanish at the nucleus; therefore, the model does not support Article 3.
As a point of digression, it is interesting to note that although we have neglected the restoring forces on the electron cloud in Eq. (2) for simplicity, Eq. (3) provides a linear restoring force binding the electron cloud to the nucleus. The natural frequency is given by For Z = 38 (Krypton), this is very nearly the frequency of the laser in the experiment of Rhodes 1 et al.
HI. A SIMPLE NONLINEAR MODEL
The model of Fig. 1 is adequate for only the crudest estimates at small displacements and is meaningless for x > ro- Figure 2 shows a slightly more complicated model. The electric field distorts the initially spherical atom into an ellipsoid with the fixed nucleus at its focus. The ellipsoid has constant volume, and the fastest moving point will be taken to move with the quiver velocity [i.e., its displacement is given by Eq. (2)]. The electric field from a ring of charge as shown in Recalling that the volume of an ellipsoid is |7ra6 2 , where a (along the axis of symmetry) and b are the major and minor semiaxes and b = o%/l -£ 2 , with e the eccentricity, we find
Now the fastest moving point on the ellipsoidal surface is on the axis of symmetry opposite the nucleus. Its displacement from the original sphere is Equation (12) can be inverted to give e as a function of x > 0, that is,
Now, E ed {x) must be odd [i.e., E ed {x) = -E ed (-x) ). The electric field, E ed {e), given by Eq. (11) is odd, but e(z) given by Eq. (13) is meaningless for x < 0. Because Eq. (11) is odd, we may use e(-x) = -E(I) in Eq. (11), where x > 0. The electric field from electron displacement as given in Eq. (11) has a maximum value at e = 0.848 or x = 1.82r 0 . This means that if we are trying to drive a dipole transition, we cannot realize further gain beyond an optimum intensity. Table I gives the field strength of the first seven harmonics as a function of a. We see that the first harmonic reaches a maximum around a = 2, which corresponds to an intensity of
'jr A = 193 nm and ro = 1 A, this is / = 10 15 lV • cm' 2 . The higher harmonics reach maxima at progressively higher values of a, showing that there is an optimum intensity for each.
If we take a = 2, we find from Ze v-* E ed = -5-2_, a m stn [m'jit) r° oddm Values in brackets are near the maximum, showing that there is an optimum intensity for driving each harmonic.
Again us'jng A = 193 nm and TQ =1 A, we obtain AS1.2Z-1, (23) which can be compared with the result from the linear model given in Eq. (6).
We now turn to the question of driving higher multipolaritie3 in the field at the nucleus. Specifically, ve are looking for the derivatives of the E-field along the axis of symmetry and at the focus. These are giver, by
where A and B are given by Eq. (19). For t = 0, we find p l+l ( cos 0) r~lsin OdO dr. (24) which is the same as Eq. (10). For £ = 1 we find which couples to nuclear quadrupole moments and verifies the third article of faith! However, for £ > 1. There is no coupling to the nucleus for octupole or higher moments. This is obvious from the symmetry of the ellipsoid: to have an octupole coupling, it would have to assume a pear shape at some place in its cycle. N°w fcEed{t) = (feEed (' + j)' therefore, the quadrupole will couple only to even harmonics. In terms of eccentricity, Eq. (26) 
(i.e., all sine terms of its Fourier series vanish, and all harmonics must be in phase or 180° out of phase with the driving radiation). Furthermore, all oscillatory components of the quadrupole coupling vanish at high intensity. Because the oscillatory components vanish both at a = 0 and as a approaches infinity, they must have a maximum value in between. Thus, there is an optimum intensity for driving each harmonic, as illustrated in Table H . 
